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During tho peet £iftoen yeurs we huve bern attaclding the roblonm of the
gtructure of protudne in sever:l wayss. One of these vays 1s the conplete and
securnite Jeterminatlon of the crysicl structure of wino zclis, peptides, and
othor simple subotunces rel:ted to proitcing, in order that inforrs:tion chout
intorstomic distincos, bond angles, und other confiur:tionsl parmmchors
mi kbt Le obl ined thet would nermit the relisble pridiction of ressonsble conm
Diourctlons for tho polypupiide chwine We hnwve now used this information to
consiruet two reusoncble hydropenw-bondod helie 1 confi uritions for the poly-
pepiiide chuing we think that it is likely thet these coni uvr tiong congliiute
an Importint part of the structure of both fibrous «nd (lotular nrdd ins, us
well 8 of gmthetic molypepiddess - le'bor smowncing thelr deocovery uis mbe
lighed 1ngt }“&6’11‘;1

The problem that we hive seb ourselves is thet of Finding <11 hrororene
bondad strieturcs for o sinsle polyperiice chaing in wliich the residues zve
onuitulont (exeopt for the ¢iffurences in ihe nide chaln R). un anino sedd
residue (othei than glyeine) has no syrametry oieenise The smersl operuiion
of convarsion of one residue of o sirple chain into & seeond repidue eoulv lant
W ke st fs cecordliply o roioilon sbout omonxdis deonnp nled Wy tronolation

along the vxiss Honee the only confiurmiions for o ¢ioin eompeiillde with owr



postulate of oquivalence of the residues are holic:l eonfi;urutions, For rota
tionsl angle 150° the helleal econfigurutions m:y Jegenorste to a airple chain
with 11 of the prineipcl utoms, C, CV (the mlmrbon), Hy and O, 4n the
same planoe

He apsume that, becauvse of the resonanee of the double bond botween the
corbon~orypen and carbon-nitrozen po-sitions, the confipuration of euch residue

NI

o Fs’-c\ﬁ is plenar. This structursl fe ture has been verifiod for each of

the ﬁaidna that we have studied. lMoreover, the resensnoe theory is now so well
rrounded ond 1ts experi-ental substontistion so exborsive that thers con e no
doubt whatever aboul its wyplicition t the fAnlde proup. The obsirvod Cesl
ddatunce, le32 a » correaponds to neurly fifty porcent double-lond choracter, and
ve muy conclude thud rotation by 28 much w8 10° fron the plumar confi;ur:tion
would result in ingtebility Wy spaerwd 1-c:i1 mlcd. The interuotonic Jistances
snd bond dnples within the residue are asoumed to huve the values shown in
Pipore le These vulucs heve bean formm a“edz hy consideratdon ~f the expurie
nentsl values found 'w the eryatel structure studics of Dl-slunine ,3 L—thmozzine,"’
Mcetylalydmf and ié«glyeylgi:;cm" thut huve beer made in our Luiboratorics.
It is further gsmmed thut sech nitropan zton joime & hy rogen bond with an oxy-
gen uton of unother residue, with the nitropen-oxyren distince ecunl to 2’-72'-“:
and that the vector from the nitropen aton to the hydropen~bonded oxyiron atom
iics not more than 30° {rom the Ne-ll dlrsction. e encrry of on Hewdle s eD=sl
hycrogen bond iz of the order of 8 keul. mle"l, and gneh prect Inst-bility
vould roault from the failure to form thaso bonds thet we rwy br confident of
their presence, The Newlle«sO dlatinee cimmot be expectod lo be exuetly 2472 g,

tut md kYt doviete somevhsdt from this wlue.
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Solutien of this probleam shows that there ure five and only five configure-
tions for the chain thal satisfy the conditions othir than thet of direction of
the hydrogon bond relative to the Hewl dircctions Theoge correspond ‘o the vale
uce lése, 120e, ms-,"%ﬁ-', snd ?O.&'“ Lor—the. for the rotutionul angle. In the
first, third, and fifth of these siructures the :ﬁﬁ group i negatively and the
;H—-B group positively dirceted along the heliecl axis, tulen s the dircction
corregponcing to the sccumnoe e=CHRmelleedaellBe of stons in the peptide chuin,
and In the other two their directions are revarsed. The firsl three of the
structurus are unsatiafuctory, In thut ihe Heell sroup doos not extend in the dire
ection of the oxygen atom st 2472 4; the fourth and fifth are sotisfactory, the

abonA 40° N
n oﬁlﬁ 25° for these two

sngle botween the Newdl veotor und Bed vector being
gtructures, respectively. The fourt' structure hug 3.69 amine 2cid residues per
turn in the helix, and ithe £ifth strueture lug 5;& roaidues oy turne In the
fourth structure such /is:side group is hydrogen-bonded to the third grlde ;roup
beyond it slong the hellx, ond in the Fifth structure euch is tonded to the
fifth Amide :roup beyond 16; ve .12 osll those structures cither the 3.7-rosi-
due structure ind the 5,l-ria’ due airucture, recpectively, or ‘he third-frdce
by rogen=bonded structure anl the fifth—fnide hytropen-ionded simicture.
The—griindricsl cpordirates-of the ﬂ-tam—aﬁl ono—eapioue—lor-eseh—of—the
two—structuros wre Tiven—in Table—Iy—+»é Lr vwin s andrphotoprophs ~f the e

structur«s are shown in Pl urcs 2, 3, 4, and 5.
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For glycine both the 3«7-residue hilix and the Sel-residue helix eculd ocowr
vith edlthor @ positive or & necutive rotationsl translation; that is, ag either
& poaitive or & neputive helix, relaidve to the pozitive direction of the hell-
cal axds iven hy the soguonce of :=toms in the pentide chaiin. Yor othor ardno
sclds with the [ eonfiguration, however, the positive heli: 2nd the negative
helix would differ in the position of ihe side cleingy and it uipht well be exe
pocted that in each czpe one aenso of the holl would be nore steble than the
othor. Aan arbitrary sesignment of the R groups hwg been muode 1;%151;1«&;,%.

The trunsletion a=long the hellesl sxds in the JeT=rosicue helix 18 1e7 E,
and that in the 5.1 residee helix is G.‘Jg i. The valuns for one complete tum
are Seld A and iﬁ?& ;:f’ rozpoctivelys These wuluog are cueleulute’ for the hydioe
pen-lond distunce 2672 «‘"':; they vould have to he increused by s fev percent, in
cuge thst & lurper hydropem~tond (latince (280 g » S8y) were prosente

The stability of our hellecl structures in s nonecrysiulline phese depends
s0lely on interzetions botween adfucent residiesy and does not recudre that the
pumbor of recidues ner turm be o rtio of ar&ll Integorss. The wlue 3469 resl-
duos por turm, for the third-gnide lydrogen~tonded helix, ic st closel; ap-
provimated by 48 residues in thivteen wurms {36693 residheg —or “urn), nd the
v lue 5.& for the othur helix is vost closely upprozimatad by ‘;.'! rec’ duss in
m tuma. It is to be sxpectsd that the mebor of residues por umm woudd
be :ffectod somebat by change in the hydropen-lond distance, «nu «lso thut the
irternetion of heliesl moleounles :ith nolpbbordn: g milar molecules in o ervstal
would eswee awoll torvues in the helides, deforming them ali htly into oconfimunr-
ations with ¢ r . tilonal muther of residues per turne Tor the third-smmide hyirow
gen-bonded eldx the alnplest silruvetures of thls sort that wo would predict are

the Nerasidne Jeturn helly (3407 ros’dues sor ‘urn), the lé-rosidue A-turn
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helix {3.75), :nd the 18~residue S~turn holix (3.60). o hive found some evidence
inHeatdng thatl the first and third of these sliyht varfants of this helix exinot
In erystalline polypoptidess

Thease helicul eiructures have not groviously beon deseribed. In wdiltion to
the extended polypeptide chidn confipguration, thich for nesrl; thirly yesre
fig been usguned o be present in strotchod helr mad other protedns with the fe
verstin structure, confijuritions for the molypentide chein huve been »roposed
ty .stbury end Bell,’ wnd especially by Muccins® snd ty Bragp, Tendrow, -nd Pere
uts-g Hug: dns disoussed s mmber of strustures involvin. intra-roleculsr hy-
drozen bonds, and Bragg, Nendrow, and Perutz extended the discussion to Include
s@dltional structurve, and investipated the comprtibility of the gstructurss
with xery diffrection dute for hemoylobin and myorlobine HNone of these cuthors
proposed elther our 3«7-rosidue helix or our 5.1-residue helix. On the other
wand, ve would elindinute, hy ocur bisic postuletes, =11 of the structurcs pro
meoed by them. The reusen for the <iffsrence in resulis obbained by other ine
vestigators end by us throwh cosentially siniler srpuments 15 thel hoth Dragp snd
bis eollaboretors ::mci- Hug;ins discussed in deteld onldy hellowd structuris wl
an intoyredl mmbor of residues per turm, ond 1o cover camed only £ rowh  ape-
proximot Yo the roculresents sbout interitomic dlstinces, bond cryles, wnd
Monrity of the eonjugated wrdde proup, 2o given by our investiyntions of aim-
plor subsionces. wo cornlend thit these stereochemicsl feoturcs rust e very
el sely retiined in stuble econfirurotions of rolypontide ¢ vins in proteins, ond
thet thore is ro spocicl estebility cssoclated with sn Inteprad mpmbtar of residues
per turn in the helicul molecvle. Brug:, Ren'row, ond Porutz Love described s
slrecture topole; ienlly pinllar to our 3e7-rozidus helix us e hydropen-bonded
helix with £ residues wor turne I thelr thoron b commarison of thely models

th Patborson jmojections for hems:lobin wnd myoplohin they elirinuited ihis



e
structure, and drew the cautdous conclusfon th t the evidence favwors the none
helicul 3wresidus folded aekerttin configuration of :stbury snd Bell, in which
only onc third of ithe curbomyl and Jodno proupe ure involved in intra-molocudar
hyirogen-tond formations

It is our opinion that the strusture of @ﬁmmﬁn, ﬂémﬁin, and almilap
{ibrous protoins 1s closely represented by our 3¢7-residve helix, :nd that this
helix =lso conslitutes an {rportant siructural festure in herw;lobin, myoglobin,
and other pglolmlear protcins, us well aa of mynthetie mlypsptides. ''© belleve
that the Sel —residue helix is represented in nuture by superconiricbed cratin
and supesreontiracted myosine The evidence lesding us o these corclusions will
be presemted in loter puperge

Our work hom been aided Yy granis from The Rockefeller Foundstion, The Mate
ionsl Foundstion for Infuntile Par:l ais, and The UeSe Pullic Hoalth Sarvice.
Many ecaleulutions were currisd out Wy Dre 3. leinbawm.

Swmary. - Two hydrogen-bonded lollc:l structurss for o polypeptids chain
hove heer found in which the res'dues are stereochan’oall; eonivelant, the intere
atomie distonees ind bond spglos huve volues found in smino clip, pontides,
and other sirple substincos related io vrmtelns, snd tho eonin-eicd Loide systen
is plansrs In one wilyucturo, vwith 3.9 rosidues ser buny eceh o rboryl and inino
grounr g attuehed Wy o hyirogen bond to the eorplenentury sroup in the third
amide sroup romoved from it in the polypeptide chain, and in the olhor siruo-

ture, with %6l recidues ner iurn, esch iz lomded to the f17th / dde ~roup.
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Legends for Fipurcs

- Dimensions of the pelypeptl e cheline
= The helix with 347 rosicues per turn.
= The hellx with 5.1 residucs per urne
~ Plun of the 3¢7-rezicdue helix,

- Plon of the Sel-rosidue hellix.
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Fig. 1. Dimensions of the polypeptide chain.



Fig. 3
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Fige 4. PFlan of the 3.7-residue helix.



Fig. 5. PFlan of the 5.l-residue helix.



